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Analysis of Folded Plate Structures Composed of Laminated
Composite Plates
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Abstract

The theory of non-prismatic folded plate structures was reported by D.H. Kim in 1965
and 1966, Fiber reinforced composite materials are strong in tension. The structural
element for such tension force is very thin and weak against bending because of small
bending stiffnesses. Naturally, the box type section is considered as the optimum structural
configuration because of its high bending stiffnesses. Such structures can be effectively
analyzed by the folded plate theory with relative ease. The "hollow” bending member with
uniform cross-section can be treated as prismatic folded plates which is a special case of
the non-prismatic folded plates. In this paper, the result of analysis of a folded plates with
one box type uniform cross-section is presented. Each plate is made of composite
laminates with fiber orientation of [ABBCAABIr, with A=-B=45C, and C=90". The
influence of the span to depth ratio is also studied. When this ratio is 5, the difference
between the results of folded plate theory and beam theory is 1.66%.
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TUANE HIHOE FNEY HUFZREY 724

3 AAE FAAINI Y dRrzyHog dt
o4 TxHFAE AHETSH(Kim, 1965, 1966,
1899).
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42 An, An, A, As Di, Dp Dip 1213 Dg
olth(Vinson, 1987, Kim, 1995).

ot BEAZu YA L then o)
3709 Ao g Yeld £ goH(Kim, 1995).

AuTS +(Ap+Ag) L 2L+ A gj; =-X

Dy ?9 T +2(Dp+2Dg) =5 43 7+Dx ‘; T =alx.y)

71N [A] : AW AZZA wiEY~ [B] : B2
B Y-A0% A% gEgA
[D] © HEwe ¥4 MEY2 Ajj: A%
4R N—¢g,)
A% AA #H( N—g,, N—x)

A A ¢ (body force) o)t}

Al JHe 9 HRE wRyge &
A3 8o 2N ¥-9% AARHQ B;i 7t 09]
Hol ¥y vol B8 T 9 HywRAG w
T E¥se ol 3 FY YA E Yrol 1
HE 5 Ak F Al u vE TFEE F 9
HEUAY TS A wol B9 HaHAo] sy
FRARYE T 7o faaR gL
MBERLE 745t 3x199 Ax) HAA
i kiics

A7 o)urA

>

ttjo

2. Hel u, voll 28 WHer™Al

SUT oy H2EYPWe SY-wRE B
Ae et 2ol Yerd 4 o

Ox Ay Ap 0 &
Uy = A 12 AZZ O Ey ............... (4)
Oxy 0 0 2A66 Exy

- 123 -



FEETHE A AM43A A1 20019 1¥

3 e 1
Ex T a;(l &, = ; Exy = —é" 7xy
U L OV e
Txy = ay + Ix (5)

av ..

2
o‘x=A11€x+A126y=Alli+A12 ay -+ (6)
du
A126X+A225y A]g 9% +A22 g;,, s (7)
= U L OV e,
f = Ag(SE+4Y) (8
3 E(w)oll 25 HEUEA
Pol B WYPRAY A3 feAR
2 BUY A9 43 By AolEE FUARE
e g} sitlEls & wEkre 2 masjory Ao

T7F 57R7ts o] JHEE A WHIRE ol
. 2y Fig. 1914 %@ &8l (c=a/b)7}
THgel whet Fheke o
FRA YN FAY £ 3
A 7, 1997) 9 J—E‘S %J A7 17] -ASH 4
(9), (10)34 o] 2749 22k AUl WAHHo =
WEstel Yol B HPPFYE 12T F Ao
(Kim, 1967, ¥AIAM T, 1997, A=, 1997, oA
3, 2000).
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c} "’—‘4-4’ A A (fold lme)°ﬂ1\14 A
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Fig. 1 Folded Plate Structure Composed of Laminat-
ed Composite Plate

- 124 -



BYAE N2WoE FHY FRFZEY FZY

Table 1 Stiffnesses of laminated plate

Extensional stiffness Flexural stiffness
(N/m) (N - m)

A | 506091648.869786 | Dn 56824.503261

Az | 710721888.588570 | Dg 57250.822503

Ay | 362768463.406576 | Dy 42103.137633

As« 376345429.802832 | Des 43489.119558

AZteE ARz Ed AMEE BEgAE FHE%
o 718 B4 32 o o] ZeEYch

E,= 46.04GPa, E, = 5.552GPa
Vo &= 0.035%4, Vig = 0.298
G12 = ZOGGPa. to = 0.005m

Folx B Ay 2 HH wigdg 2
ety AANEYE Ay D;E  AANSE(Kim,
1995, Vinson, 1987, o] %, 2000) I Z3} e
Table 1o} e Ath
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¥ =84 ERAEE A" w2y A
E Bt 7raEtA sidEy] S8t w Audg
AHE T & g B d(Kim, 1995) 2.2 )
Mty 1 A e FAHANE Y3 FAE F
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A &t

Tt ARPEHHSL ZHALt
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Rz AL AW Eye 44 A

@

2 Vel Uniform thickness, 1
h

Y

b
Fig. 2 Beam with hollow cross-section

71813y ¥Ae Ieiste wtavde HAAS
ANE & AcH(Kim, 1995).

Fig. 29} 722 923yele) 533 9ag
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H o]g& 13 d& + Utk Fig 29 7
9o ¢ Eo) hell vis) e A, sge]
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(Duhdl FFE FAE F Aok olgg A9
g e YFAEE A1)/ e Hog Fo
Ak (Kim, 1995).
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V. _538%% .......................................... (14)
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Table 2 Deflection at the center of lower fold
line(x=L/2) by beam theory and folded plate
theory (unit : m)

Aspect | Aspect | Aspect | Aspect | Aspect
Ratio 1 | Ratio 2 | Ratio 3 | Ratio 4 | Ratio 5

Folded plate| , 4 ¢ & | 479E-4 | 284E-3 | 95083 | 2.37E-2
theory
Beam |5 o655 | 61854 | 3.13E-3 | 9.88E-3 | 241E-2
Theory

Ratio 0.599 0.78 0.907 | 0961 | 0983
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050 —_ T — . T r
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Aspect ratio

Fig. 3 Deflection ratio at the center of the lower
fold line
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Cf. ETO|2of 23 &AM| Zylo T2 g
A

o] =RoME AlZEW FRTFZEL HAo)
glol Zwe} 2o e IS A Yt
. FHZL A AYe A7 AR
Z B 2 A% sy oy A | YRy
FZ ATl 2 Wyt dojuyna WA JF
B R2E BT Teisjor gk
Zuo) ZF WA WY §-FE A F2 8
Z3 98 AR sFge v - HEE 53 93
g & Uk BgHE A2ad A HF 5L
o3 ot veld ¢ dek(Kim, 1992, 1995).

o714 Ne 94 &2 83, DENS & 74
g zPoz TheR ol v 4
(Kim, 1992, 1995).
_ m\* m\¥n\? ny!
DEN = Dl(;-) + ZDB(-;)(-E) + DQ(E)
e (16)

Table 19 #7t4d D,=D;. D;=Dy, Dy=
Dy +2- D3 m=n=1 a=b=ImE I &3l
DENE  A4rsl® DEN =372238.0792 N/m%eld
AA FHIFS N =] —3673.842584] kN/m
= 3673.842584 kN/r o]t}

of AUA FHF T L T EFBo &
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Fig. 4 Displacement w of upper plates for various
aspect ratios
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Fig. 5 Displacement v of side plates for various
aspect ratios
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Fig. 6 Deformation of box girder at various locations

of x with aspect ratio 2

Fig. 7 3-Dimentional déformation of box girder with
aspect ratio 2
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